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ABSTRACT 



A feedback circuit for controlling the phase of a local 
oscillator provided with frequency adjusting means and 
delivering a local carrier wave for demodulating a data 
signal transmitted by single side band amplitude modu- 
lation, the said feedback circuit comprising at least one 
sign multiplier (21) producing the product of the sign of 
the local demodulation carrier shifted by a phase differ-, 
ence of ?r/4 multiplied by the sign of the data signal to 
be demodulated, followed by a sign coincidence auto- 
correlator (22) which controls the said frequency ad- 
justing means and correlates two versions of the signal 
delivered by the sign multiplier (21), one of the two 
versions being delayed relative to the other by an odd 
multiple of one fourth of the period of the carrier used 
for the amplitude modulation on transmission. 

6 Claims, 3 Drawing Figures 
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a second input for a second signal representative of 

PHASE-CONTROLLING FEEDBACK CIRCUIT the sign of the data signal to be demodulated by the 

FOR SINGLE SIDEBAND DEMODULATION local carrier wave; 

■ a sign multiplier connected to receive said first and 
The present invention relates to data transmission and 5 second signals and to produce a product signal 
more particularly to the recovery of the carrier from a representative of the first sign signal multiplied by 
data signal transmitted by single side band amplitude the second sign signal; and 
modulation, said carrier not necessarily being present in a s j gn coincidence autoiorrelator including a delay 
the signal. circuit connected to delay . the product signal by an 
BACKGROUND OF THE INVENTION 10 043(1 multiple of one fourth of the period of the 
. ^ carrier used for the amplitude modulation on trans- 
In the first data transmission systems using amplitude mission thereby making two versions of the prod- 
modulation, the earner was recovered at the receiver uct si naJ avaJIablef one version being delayed 
from a vestigial earner left in the transmitted signal for , rdatiye to the other b ^ odd muIti Ie period( 
this purpose, or from ^specific pilot frequency signals .15 a„ d mea ns for providing an output signal represen- 
added to the transmitted signal However, this wastes : ^ f ^ c £ rrelati Jf. of ^wo venions, said 
the frequency spectrum available and reducesjransims- outpu t signal being applied to said control input of 
sion efficiency. Subsequently it was proposed that the Z lc^ osci^or PP P 9 
carrier should be recovered from particular characteris- 
tics of the received and demodulated data signal, with- 20 BRIEF DESCRIPTION OF THE DRAWINGS 
out using pilot frequencies or vestigial carriers. Thus, ■ . - ri . . ' , j . 
for synchronous digital transmission using single side- Two embodiments of the invention are described by 
band amplitude modulation, it is known touse carrier wa V of «"P^ Wlth reference to the accompanying 
recovery circuits that use an oscillator controlled by a dra ^ mg ^ m w ™ cn: 

feedback control circuit tending to cancel the average 25 . F 10 - 1 IS a block diagram of a demodulator imple- 
value of the received and demodulated signals between mentmg a local oscillator provided with a phase-con- 
two consecutive transitions in the same direction, or trolling feedback circuit in accordance with the inven- 
tendmg to maximise a component at twice the symbol tlon : . \ 
frequency of the synchronous digital signal, said com- FIG* 2 is a waveform diagram for facilitating under- 
ponent being obtained by squaring the received and 30 standing of the demodulator of FIG. 1; and 
demodulated signal, or even, tending to make the spac- FIG. 3 is a block diagram of a variant of the demodu- 
ing between odd and even zero passages of the received lator shown ia FIG. 1. ^ 
and demodulated sigial. equidistant on average. Omer , DETAILED DESCRIPTION - ' 
recovery circuits of the latter type are desenbed in the 

Assignee's published French patent application No. 35 The following description is limited to a data trans- 

7806954 filed on the Mar. 10, 1978 and published under mission system using single sideband amplitude modular 

the No. 241 96 14 (corresponding to U.S. Pat. No. tion in which the lower sideband is retained, however it 

4,253, 1 89). Essentially, these circuits comprise a voltage is obvious that the invention applies equally to the case 

controlled variable frequency oscillator (VCO) where where the upper sideband is retained, 
the control voltage is provided by a sign coincidence 40 Each of the dembdulators^shown in FIGS. 1 arid 3 

auto-correlator operating on the basis of two versions of comprises a linear modulator 2,2' and a low-pass filter 

. the received and demodulated signal, one version being ; 3,3' connected in series between an input 1, 1' and an 

delayed relative to the other by an integer multiple of a output 11,11', together with a carrier recovery circuit ' 

unit time interval in the synchronous digital signal 20, 20' having a voltage controlled variable frequency 
under consideration. These circuits have the advantage 45 oscillator 10, 10' provided with a phase-controlling 

of being, constituted prmcipaliy from circuit elements feedback circuit in accordance with the invention, 

that operate on an all or nothing basis and which are The signal »W which is applied to the inputs 1,1' of 

therefore cheap to embody: using the technologies usu- ^ demodulators is derived: by' single sideband ampli- 

ally used for. embody v tU(ie mod ulation using the ^ lower sideband and r^ the ; 

;,V; ..:;iUMMARY-qF " ; " ■ i.'J.- ^; 

Preferred embodiments ; of the present invention pro- ■ •'■ v^=^''«» ii"JkO'»!n «r . . . ' . 0) 

vide a carrier recovery circuit of the above type, which •' . 

does not require the presence; of a residual carrier in the where x jr t j ^ fa Modulating -signal; *(t): is the Hilbert 
transmitted signal, nor the presence of special pilot 55 transform of the signal x(t) arid « is the angular ire- 
frequencies, said circuit being capable of simple reahsa- quency used for conveying the modulation. A deriva- 
tion using, for the mpst part, circuit elements that oper- ^ expression can 'be', found, for example, in 
ateon an all or nothing basis. . . p 1?0 tQ , 74 of the book « Pr jnciples 0 f Data Coni- 

The present invention provides a feedback circuit for . munication .. by LuckV| Sa lz and Weldon and published 
controlling the phase of a local oscillator, the local 60 ^ \fcGraw Hill in 1968 . 
oscUIator providing an output. local, carrier wave for ^ mo dui a ting signal x»- results from coded and 
demodulating a data signal transmitted by single side- ^ . . * binary data a It may be ex ressed 
band amplitude modulation, and having a control input. . ■• . . ' 

for varying the phase of the output local carrier wave, ^ 
the feedback circuit comprising: . ■ . 65 . 

a first input, for receiving a first signal representative ^ _ ^« . , ; _ ^ : 

of the sign of the local eerier wave shifted by a /=- « - \ ] 1 

. phase difference of tt/4; ... 
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where g(t) is the shape of single pulses transmitted at multiplier 6, one being connected directly and the other 

T-sec intervals (i.e. T is the Baud period). Further de- via the delay circuit 7;. and an integrator 9 connected to 

tails may be found in chapter 4 of .the above-mentioned the output of the second binary multiplier 8. The second 

book. binary multiplier delivers a binary output signal of value 

Assume that the local carrier applied to the input 15 5. ±\[ n response to the binary signals of value ± 1 which 

of the linear modulator 2 and supplied by the carrier it rece ives on j te inputs; the output signal is applied to 

recovery circuit 20, 20' has the same frequency as the the integrator 9 which averages it over a long period of 

transmitter earner used for the modulation but at a time c ared with T to prov ide the control voltage 

phase delayed by an angle 6 > with respect to .the carrier for ^ lQ 

phase that would provide the best demo ;^ >on. Tins l0 modified m 

results in a signal x (t) appearing at the output 11,11 of . * ' 

the low-pass filter 3 3' (which passes only the lower various ways without affecting its operation: 

beats generated by the modulator 2, 2'), said signal x'(t) where the oscillator 10 delivers a rectangular signal 

having the form: at tne carner frequency and not the sinusoidal signal, 

I5 the second hard limiter 17 is pointless and may be omit- 

x'(t)=x{t) cos a+2(t) sin e ted. In this case the phase shifter 4 should be replaced 

by a delay circuit providing a delay of n/Ata; 

where x'(t) is equal or opposite to the modulating signal it has been assumed that the signals processed by the 

x(t) only when the angle 0 is zero to within k7r. That is units 6,7, and 8 have possible values of + 1 and - 1. 

why it is necessary to adjust the phase of the receiver 2Q However, they could also have possible values of + 1 

carrier used for demodulation, which function is per- m ^ q j n ^ ^ binary multipliers 6 and 8 need to 

formed by the carrier recovery circuits 20, 20' of the be mo< j u lo-2 adders and the hard limiters 5 and 17 

demodulators shown in FIGS. 1 and 3. should be a arrange d to deliver signals of value + 1 and 

The carrier recovery circuit 20 of the demodulator 0 as a function of the sign of their input signals. Since 

shown in FIQ. 1 comprises an osciUator ^10 which is 2% ^ modulo . 2 add ition table and the multiplication tab^ 

provided with a pr^e-controlhng feedback circuit ^ for the numbers + 1 and -1 are isomorphic, the control 

oscillator 10 generates a wave whose frequency is equal . / , rtllfwil# « rtf ,i,r„w^™t™M 

to that of the local carrier and which is ir/4 in advance signals appeanng at he output 16 of the phase-controll- 

thereof. The oscillator 10 is a voltage control oscillator «W Redback circuit for one arrangement is a linear 

(VCO) whose frequency is controlled by a voltage function of the control signal that would appear for the 

applied to a control terminal 16. The output of the oscil- • other ; . 

lator is connected to the input 15 of the linear modula- the operation of the phase-controlling feedback cir- 

tor 2 via a constant phase shifter 4 which elirninates the cuit does not rely on there being a residual earner m the 

phase advance. The phase controlling feedback circuit transmitted signal. Indeed, if such a residual signal is 

comprises a sign multiplier 21 which multiplies the sign transmitted, it is likely to perturb operation, and it is 

of the signal at the output of the Oscillator 10 by the sign 35 possible, where applicable, to eliminate such a residual 

of the data signal s(t) received at the input 1 of the carrier by means of a notch filter 19 inserted between 

demodulator, followed by a sign coincidence auto-cor- the input 1 of the demodulator and the input to the hard 

relator 22 connected to the control terminal of the oscil- limiter 5. The notch filter 19 then eliminates frequencies 

lator 10 and determining the correlation between two adjacent to the carrier frequency from the received 

versions of the signal at the output sign multiplier 21. 40 signal. 

One of the versions is delayed with respect to the other ^he feedback circuit for controlling the phase of the 
by a period A equal to an odd multiple of one fourth of demodulator as described above, requires the following 

the period of the carrier used at the transmitter for two conditions to be satisfied for operation: 

modulation: ^ ^ ^ str eam of binary symbols a/ that convey the 

data to be transmitted must be random (in practice this 

A = {2k + i) * is always the case because of scramblers used in data 

^ transmission); and 

(2) the pulse shape g(t) must have a time average 

where k is an mteger. J ' - Jf 

The sign multiplier 21 is constituted by: a first hard 50 vaiue 01 zero, 
limiter 5 whose input is connected to the demodulator 

input and which delivers a binary signal sgn[s(t)j which / +c °«/rt 

is equal to + 1 if s(t) is positive and to — 1 otherwise: a I ™ ' dt 13 0 
second hard limiter 17 whose input is connected to the 

output of the oscillator 10 and which operates m the 55 • CQndition ^ ^ met for cab i e transmission 

same way on the oscillator signals; and a first binary ^ when ^ ^ fly ^ nQt ^ cab , e 

multipher 6 having two ^ inputs one of which » coo- mcreasin dectnc chaf Qver time) ,„ 

.offoTJ^^ P^cular^ 

hard Hmiter 17, and whose output provides a signal 60 tial response coding and I pulse-shaping .are used, 
representative of the product equal to-±l of the two .A* : essential feature of the phase controlhng feedback 
quantities which it receives, said product constituting circuitis that it only opemes for part of the time (acUve 
the output signal from the sign multiplier 21. P enods ) ^ ^ lt does not chan ? e the fr «I uenc y of 

The sign coincidence auto-correlator 22 comprises: a controlled oscillator 10 dunng.the rest of the time (neu- 
. delay circuit 7 which introduces a delay equal to A and 65 tral periods). 

which has its input connected to the output of the first In the non-limiting example where a class 4 partial 
binary multiplier 6; a second binary multiplier 8 having response pulse shape is used, the active periods amount 
two inputs connected to the output of the first binary to i of the total operating time of the apparatus. 
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Computer simulation and experience have shown that 4 partial response, type coding and shaping. Waveform 
an active period of about this size is sufficient to ensure' d shows a stream of transmitted symbols a/ comprising 

stable and effective phase locking of the local oscillator. consecutive groups of more than four symbols each 

Looking at FIG. 1, it will be seen that the output equal to 0 or to 1 (this stream is not random but has been 

signal from the hard limiter S is given by sgn[s(t)]. - 5 chosen for &e purposes of demonstration). Waveform a 

This signal depends only on the «nfantaneous fre- ^ mrTe!VOBdin signal x(t) obtained ^ ^ 

quency of the analytic agnal assorted vrth x(t)^ ■ ^ shaping) .^ ave f orn t c ^ ^ mhen tnas . 

Let the signal delivered by the local oscillator be cos ■ i r*t_ ^ ,^ 

(a>t+4>), where <f> is the instantaneous phase error of the fo1 ? ° f «gnal x(t). 

oscillator, in which case the signal delivered by the hard 10 . Fr0m FI ?' 2 * lt ? n 1 bc S 5 en . f ° r of 

limiter 17 is: consecutive symbols of the same type where k is 

. . greater than or equal to 4, there exists a period of dura- 

sgn[cos <fi»f+<f>)l tion (k— 3)T during which x(t) is negligible while its 

Hilbert transform i(t) does not change sign. These peri- 

and the signal applied to the point 13 by the first binary 15 ods, shown by hatching in waveform b, are the periods 

multiplier is: of phase feedback activity. During these periods the 

instantaneous frequency of the analytic signal corre- 

5«-viWi>cos sponding to x(t) is close to zero. 

Tf ,« . . , . . " . . In a genuinely random stream of a/, the periods of 

If the instantaneous angular frequency of the analytic feedback activity occupy i ofthetime. 

signal associated with x(t) is different from o at a given T j j i * * i * j * 

instant, the signal appearing at 13 will have a zero time Indeed ' demeDt at random from a random 
average. 

For example if s(t) = cos (<a't -f <}»')» where m'^w then: 



frequence has a probability: 

k 

25 2 *+J 



= jg/i[cbs(co/ + f» • cos(q»'/ + <f>')] 

= sgn[cos(toi + a)*)' + + 40) + cos((w - ta')t + (<J> - 40)] jq 



of belonging to the sequence of k identical symbols. 

(And dearly | = A 

Since the expression between braces is the sum of two ^ r . ' 

sinusoidal functions of different frequencies, the func- 
tions are independent in the Steinhaus sense and the Given that a sequence of k identical symbols pro- 
expression between braces is positive as often as it is 35 duces a period of activity of duration (k— 3)T it follows 
negative, such that the average of the sign tends to zero tnat tne proportion of time during which feedback is 
over a sufficient time interval. So long as this condition active is given by: 
is true, the feedback is in a neutral period. Fluctuations 
with an average value of zero in the signals S13 deliv- 
ered by the first multiplier 6 and S14 delivered by the ^ 
second multiplier 8 are eliminated by the integrator 9 
and the frequency of the oscillator 10 remains constant. i t n ano uu 0 ^„^f^i7ir a r j u 

In contrast, if the angular frequency of the analytic J* SSS^f^JfT r and ™f med b * 
signal associated with x(t) is equal to «, the signal ap- f ^ ulatl ° n p6nod ° f s !^ lcant duratl0n exists 

pearing at 13 has a non-zero time average: putting „ wmc ? * (t) remains negligible. This results from 

s(t)=A-sin we jj ave . « the shape of the Hilbert transform of a pulse whose 

average is zero. 

5i3 = sgnftt) . cos(o./ + <*>)] 11 ^ seem surprising that there exist significant 

periods during which the signal applied to the first 
= sgn[A • smear • cos<«f + $)j binary multiplier 6 remains at an instantaneous angular 

= sgn[A) - sgnlvndvt + *> - sin*] * j hat diff «s little from o» even though this 

frequency does not exist m the spectrum of the incident 

which expression has a time average that tends towards: signal s(t) ' and 11131 the ( 0 P u °nal) notch filter 19 has the 

very function of eliminating such a frequency should it 
55 exist. 

This is explained by the fact that, during the active 
ov(Su) =x sgn[A)-— — periods, the signal at the point 1 or at the point 12 has 

the form: A(t>sin (wt), where A(t) is a quantity that 
over a sufficient period of integration. varies (without changing sign) and which represents the 

The feedback is then in an active period. For such an 60 instantaneous amplitude of the analytic signal during 
active period to exist, equation (1) shows that this re- these periods. The spectrum of the product A(t)-sin (a>t) 
quires there to be a stretch of time for which the signal does not include the frequency o>; however, the pas- 
x(t) (after coding and shaping) is negligible compared to sages through zero of the signal appearing at the output 
its Hilbert transform x(t) and for which the Hilbert of the non-linear device 5 are separated by 7r/a> since 
transform does not cancel itself. Such stretches of time 65 the angular frequency of the signal is to during the ac- 
are usual in data transmission in using a pulse shape g(t) . tive periods. 

whose average value is zero. The waveforms of FIG. 2 To explain the function of the sign coincidence auto- 
illustrate this property for data transmission using class correlator 22 during the periods of phase control feedr 
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back activity, it suffices to calculate the expression for 
its output signal Si 6- 

The sign coincidence auto-correlator 22 receives a 
signal Si 3 from the sign multiplier 21 having the form: 

5i3=^M-sin (wO-cos 
The delay circuit 17 has a time constant: 

A = 9T/2ft> 

and therefore delivers a signal Sis of the form: 

S\s = sgn[A • sin(o>r - n/2) • cos(o>/ + <J> — ir/2)] 
= sgn[— A • cos(<!>/) • sin(en/ + 

The signal Sm appearing in the output of a second bi- 
nary multiplier 8 is the product of the signals S13 and 
Si 8. It has the form: 

S14 = sgn[-Ahin(lat) ■ sin2(w/ + <f>)] 
~ sgn[cos(4<i)t + 2<f>) - cos(24»)] 

The integrator 9 deduces the average value: 25 



10 



15 



20 



av(S ]A ) 



4$ • 



variable frequency oscillator (VCO) 10' connected to 
one input 15' of the linear modulator 2' via a fixed phase 
shifter 4' and provided with a phase-controlling feed- 
back circuit The phase-controlling feedback circuit is 
doubled up in comparison with the previous one. It 
comprises: 

a first sign multiplier 21' for producing the product of 
the sign of the signal at the output of the oscillator 
10' multiplied by the sign of the data signal s(t) 
received at the input 1' of the demodulator; 

a second sign multiplier 31 producing the product of 
the sign of the signal at the output of the oscillator 
10/ after being subjected to a phase delay of it/2 by 
a phase shifter 33 multiplied by the sign of the data 
signal s(t) received at the input 1' of the demodula- 
tor; 

a first sign coincidence auto-correlator 22' for corre- 
lating two versions of the output signal from the 
first sign multiplier 21', one of said versions being 
delayed relative to the other by period A equal to 
an odd multiple of one fourth of the modulation 
carrier used for the transmission, i.e. 



This equation shows: 30 

that the output signal from the integration 9 depends 
only on <f>, which is the desired result; and 

that the average value of the signal will be zero pro- 
vided <f>=7r/4. 

The result of this is that the phase-controlling feed- 35 
back loop shown in FIG. 1 will stabilise the carrier to a 
phase value such that <f> = tt/4. Thus, to ensure that the 
signal applied to the linear modulator 2 produces proper 
demodulation, it is necessary to insert a fixed phase 
shifter 4 between the output of the local oscillator 10 40 
and the input 15 of the linear modulator 2. The phase 
shifter should shift the frequency of the carrier by a 
fixed amount whose theoretical value is — 7r/4. Natu- 
rally, given the imperfections of a real system, the value 
of the phase shift will require some experimental adjust- 45 
ment in order to obtain a maximum aperture in the eye 
diagram. 

The operation of the circuit in accordance with the 
invention remains the same and satisfies the same equa- 
tions if the delay introduced by the delay line 7 is any 50 
odd multiple of t=7r/2a). 

In the diagram of FIG. 1, fixed gain amplifiers which 
may be necessary at various points to ensure proper 
operation of the units shown have been omitted. The 
design of such amplifiers is current practice for the 55 
person in the art. 

FIG. 3 shows a variant of the demodulator described 
with reference to FIG. 1. In this variant the carrier 
recovery circuit is provided with a double phase-con- 
trolling feedback circuit . using two quadrature versions 60 
of the local carrier. Items in this Figure which are un- 
changed with respect to the corresponding items of 
FIG. 1 have been given the same references with the 
addition of a prime. 

As in the previous case, this demodulator has a linear 65 
modulator 2' connected in series with a low-pass filter 3' 
between an input 1' and an output 11', together with a 
carrier recovery circuit 20' having a voltage controlled 



where k is an integer; 

a second sign coincidence auto-correlator 32 deter- 
mining the correlation between two versions of the 
signal at the output of the second sign multiplier 31, 
one version being delayed relative to the other by 
a period A; and 

a differential amplifier 34 having a non-inverting 
input connected to the output of the first sign coin- 
cidence auto-correlator 22' and an inverting input 
connected to the output of the second sign coinci- 
dence correlator 32 and an output connected to the 
control input of the oscillator 10'. 

Each sign multiplier is constituted by a two-input 
binary multiplier having a hard limiter connected to 
each input. 

Each sign coincidence auto-correlator is constituted 
by a two-input binary multiplier having a delay circuit 
of period A connected in series with one of its inputs 
and an integrator at its output with a time constant that 
is large relative to the unit time interval T. 

A practical embodiment of the carrier recovery cir- 
cuit 20' does not comprise all the components shown in 
FIG. 3 since some of them have been shown doubled-up 
merely to emphasize the relationship with the carrier 
recovery circuit of the modulator described above with 
reference to FIG. 1. This is particularly true of the hard 
limiters 5' and 35. It is also true of the hard limiters 17' 
and 37 which, in fact, are constituted by a single unit 
placed before the circuit 33 which is a delay circuit 
introducing a delay of ir/2a>. 

The units 2', 3', 4' and 19' have the same functions as 
the corresponding unit 2,3,4, and 19 in the demodulator 
of FIG. 1. Their operation will not be described a sec- 
ond time. 

The operation of the first sign multiplier 21' and that 
of the first sign coincidence auto-correlator 22' is the 
same as for the sign multiplier 21 and the sign coinci- 
dence auto-correlator 22 of the demodulator of FIG. 1 
so that, using the same assumptions as those used for 
explaining the operation of the demodulator of FIG. 1, 
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20 



the signal Su, at the output of the multiplier of the first 
sign coincidence auto-correlator 22' has the form: 

5u*=5i4=ig«lcos (4o)r+2<f>)=cos (2<J>)] 

during the periods of phase controlling feedback activ- 
ity. 

The second sign multiplier 31 and the second sign 
coincidence auto-correlator 32 operate similarly. Given 
that they are receiving the oscillator signal with a phase 
delay of n/2, the signal S36 at the output of the multU 
plier of the second sign coincidence auto-correlator 32 
has the formula: - 

5j6=^[cos (2$) - cos(<kd/ + 2<J0] = - 5j 4 ' = - 5u 

15 

during periods of phase-controlling feedback activity. 

The sign coincidence auto-correlators.22' and 32 thus 
deliver two correction signals that are equal and of 
opposite sign. Taking their difference in the differential 
amplifier 34, thus makes it possible to double the sensi- 
tivity of the phase-controlling feedback circuit. 

The structure of the phase-controlling feedback cir- 
cuit 20' compared with that of the phase-controlling 
feedback circuit 20 of the demodulator in FIG. 1 also 
has the advantage of considerably reducing the influ- 
ence of drift that can appear in chains of DC amplifiers, 25 
particularly in integrators, due to that fact that the drifts 
of the two chains act in opposite directions on the final 
correction signal. 

Without going beyond the scope of the invention, it.is 
possible to replace various means by equivalent means, 
by way of example, the sign multipliers 21 of FIG. 1 and 
21' and 31 of FIG. 3 could each be implemented by 
means of an analog multiplier followed by a hard lim- 
iter, the analog multiplier receiving the signal s(t) on a 
first input and the carrier wave from the variable fre- 
quency oscillator 10 or 10' together with the phase shift 
(where applicable) of the phase shifter 33 on a second 
input. 

We claim: 

1. A feedback circuit for controlling the phase of a 
local oscillator, the local oscillator providing an output 
local carrier wave for demodulating a data signal trans- 
mitted by single sideband amplitude modulation and 
having a control input for varying the phase of the . 
output local carrier wave, the feedback circuit compris- 
ing: ■ ' • t • 

a first input for receiving a first signal representative 
of the sign of the local carrier wave shifted by a 
phase of tt/4; 

a second input, for a second signal representative of 
the sign of the data signal to be demodulated by the 
local carrier wave; 

a sign multiplier connected to. receive said, first and 
second signals and to produce a product; signal 
. representative of the first signal multiplied by the 
second signal; and 

sign coincidence auto-correlator means including a 
delay circuit connected to delay the product signal 
by an odd multiple of one fourth of the period of 
the carrier used for the. amplitude modulation on 
transmission, to thereby provide two versions of 
the product signal, one version being delayed rela- 
tive to the other by said odd multiple period, and 
means for providing, an. output signal representa-. 
tive of the correlation of. said two versions, said 
output signal being applied to said control input of 
the local oscillator. 

2. A feedback control circuit according to claim 1, 
wherein the local oscillator comprises a voltage con- 
trolled variable frequency oscillator followed by a fixed 
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value phase shifter providing a phase delay of 7r/4, and 
wherein the sign multiplier of the feedback control 
circuit has a first input connected to the output of the 
voltage controlled variable frequency oscillator up- 
stream of the fixed value phase shifter and a second 
input connected to receive the data signal to be demod- 
ulated. 

3. A feedback control circuit according to claim 1, 
wherein the sign multiplier receives the signal to be 
demodulated via a notch filter for removing any residue 
of the carrier used for amplitude modulation on trans- 
mission which may remain. 

. 4. A feedback control circuit according to claim 1, 
wherein the sign multiplier comprises: 
a first hard limiter receiving at its input the data signal 
to be demodulated and delivering at its output a 
. binary signal corresponding to the sign of the data 

signal to be demodulated; . 
a second hard limiter receiving at its input the local 
carrier shifted by a phase difference of 7r/4 and 
delivering at its output a binary signal correspond- 
ing to the sign of the local carrier shifted by a phase 
of 7T/4; and 

a first binary multiplier having two inputs, one con- 
nected to the output of the first hard limiter and the 
other to the output of the second hard limiter. 

5. A feedback control circuit according to claim 1, 
wherein said delay circuit has an input connected to the 
output of the sign multiplier to thereby introduce a 
delay equal to an odd multiple of one fourth of the 
period of the carrier used for the amplitude modulation 
on transmission; and the sign coincidence auto-correla- 
tor means further comprises a second binary multiplier 
having two inputs connected to the output of the sign 
multiplier, one directly and the other via the delay cir- 
cuit, and an integrator connected to the output of the 
second binary multiplier. 

6. A feedback circuit for controlling the phase of a 
local oscillator, the local oscillator providing an output 
local carrier wave for demodulating a data signal trans- 
mitted by single sideband amplitude modulation and 
having a control input for varying the phase of the 
output local carrier wave, the feedback circuit compris- 
ing: 

a first sign multiplier producing the product of (i) the 
sign of the local carrier advanced by a phase sub- 
stantially equal to 7r/4 and (u) the sign of the data 
signal, to be demodulated; 
. a second sign multiplier producing the product of (i) 

. the sign of the local carrier retarded by a phase 
substantially equal to 7r/4, and (ii) the sign of the 
data signal to be demodulated; 

first sign coincidence auto-correlator means correlat- 
ing two versions of the signal delivered by the first 
- sign multiplier, one of the said versions being de- 
layed relative to the other by an odd multiple of 
one fourth of the period of the carrier used for the 
amplitude modulation on transmission; 

second sign coincidence auto-correlator means corre- 
lating two versions of a signal delivered by the 
second sign multiplier, one of the said versions 
being delayed relative to the other by an odd multi- 
: . pie of one fourth of the period of the carrier used 
for the amplitude modulation on transmission; and 

a differential amplifier having a first input connected 
to the output of the first sign coincidence auto-cor- 
relator means and a second input connected to the 
output of the second sign coincidence auto-correla- 

. tor means and delivering the output signal of the 

feedback circuit 

* * * . * - * 
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